Support Vector Machine based on Time Series (SVM-TS) was applied to predict soil moisture and nitrate nitrogen (NO3--N) content. For the prediction of soil moisture, the statistical result (t-test) indicate that there is no obvious difference between predicted and observed values in 0-20cm and 20-60cm soil layers, and that SVM-TS is capable for soil moisture prediction. For the prediction of NO3--N content, there is no obvious difference between predicted and observed values in 0-30cm soil layer, although the difference in 30-60cm soil layer is obviously, compared to the variability of observed value, a large predicted error is acceptable, SVM-TS is applicable for NO3--N content prediction.
INTRODUCTION
Prediction of soil moisture and nitrate nitrogen (NO 3 --N) content can supervise irrigation, fertilization and reduce pollution. However, alteration of -N content affected by many environmental efforts, relatively factors should be considered in time series models for more accurate estimate. Artificial neural network (ANN) is a common tool for modeling complex "input-output" dependencies; it is another feasible method for soil moisture prediction (Zhou Liangchen et al. 2005 , Liu Hongbin et al. 2003 , Fan Aiwu et al. 2002 , Jin Long et al.1998 . The advantage of ANN is that it does not require knowledge of the mathematical form of the relationship between the inputs and corresponding outputs, but it is limited by the potential to fail to generalize well when trained with limited data (Khalil A. et al. 2005) .
Support Vector Machine (SVM) was proposed by Vapnik which rely on the statistical learning theory (SLT) (Vapnik V. N.1995 (Vapnik V. N. ,1998a , it can effectively avoid overfitting and multidimensional problem. Good performances have been reported in many SVM applications (Khalil A. et al. 2005 , Wang Jinglei et al. 2003 , Li Qingguo et al. 2005 , Shie-Yui liong et al. 2002 .
The objective of this work is to combine the advantages of time series model and SVM algorithm, explore the applicability of Time Series Based Support Vector Machine (SVM-TS) model for prediction of soil moisture and NO 3 --N content. Smola et al.) . SVMdark provides four kernel functions (linear, polynomial, RBF, sigmoid) for both classification and regression. It can reduce the number of potential models by "zooming in" on those which perform well on the validation set according to the training mean squared error (MSE), and select the parameters that performed optimally on the validation set. 
MATERIALS AND METHODS
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In this work, 
2040
S h a o e Y a n g , Y u a n f a n g H u a n g predictive value of soil moisture and NO 3 --N content. Trend component
and periodical component ( k S ) was abstracted as follow:
Where j is the number of years, k is the number of observed values,
is the observed value, p is the number of observed value in one period, q is the number of periods.
Data measurement
Experiment was performed in Quzhou experimental station of China Agricultural University in Chinese Hebei province. Experimental area is one hectare and there are winter wheat-summer maize planting rotations. Three soil sections were set and sign as section-A, section-B and section-C. In these three sections, moisture was measured in 0-20cm and 20-60cm layers, NO 3 --N content was measured in 0-30cm and 30-60cm layers. Soil moisture was measured by neutron probe and NO 3 --N content was measured in Analytical Conssle-TRAACS2000 about once a week. There was one more measurement 24 hours later after fertilize, irrigate or rain. 
Dataset setting
In 
WHNCS model
For the purpose of compared with physical model, here present the WHNCS model (Zhang Shirong. 2002) . WHNCS is a component object model for the joint simulation of one dimensional soil water, heat and nitrogen behaviors, it is capable for soil moisture and NO3--N content prediction in different soil layers. WHNCS is based on the physical models including crop evaporation model, soil water solution model, soil NO3--N transport model and soil temperature estimate model (Zhang Shirong. 2002) .
RESULTS AND DISCUSSION
Trainings were based on the training sets and validation sets; and selected the kernels and parameters according to the training mean squared errors. Selected kernels and relevant parameters for soil moisture and NO3--N content prediction are showed in table 3. Apply the selected kernels and parameters to predict soil moisture and NO3--N content for the test sets. Predicted results are showed in table 4. For soil moisture prediction, all statistical results (t-test) present |t| t0.05, it indicates that there is no obvious difference between predicted values and observed values, SVM-TS is capable for soil moisture prediction in 0-20cm and 20-60cm layers. For NO3--N content prediction, |t| t0.05 in 0-30cm layer, but |t| t0.05 in 30-60cm layer in section-A and section-B, there is no obvious difference between predicted values and observed values in 0-30cm layer, but the difference is obvious in 30-60cm layer. It supposes that SVM-TS is capable for NO3--N content prediction in surface soil layer but not capable in deep layer. That may cause by the more complicated transformation in deep soil layer than in the surface soil. The data is also applied to WHNCS model to predict soil moisture and NO3--N content. Because of the absence of model parameters of soil water, NO3--N content and soil temperature, we only predict soil moisture and NO3--N content between June and December in 1999 in section-C; and compared the predicted mean relative error with SVM-TS in Fig.1 and Fig.2 They show that the SVM-TS predicted results are better than WHNCS model for both soil moisture and NO3--N content prediction.
WHNCS model is base on reliable physics theories, considering water, heat and solution conditions, but numbers of parameters are required and much strict limits for model parameters lead to the limit of accuracy. Reversely, SVM-TS model is simple but practical, superior for soil moisture and NO3--N content prediction.
SUMMARY AND CONCLUSIONS
Support vector machine base on time series (SVM-TS) was applied to predict soil moisture and NO3--N content in this work. Statistical results indicated that SVM-TS is capable for soil moisture prediction; and capable for NO3--N content prediction in surface layer but not capable in deep soil layer. Although the predicted mean relative errors are quite large, but it is acceptable compared with the relative errors of observed values between different sections. Meanwhile, predicted results indicate that the overall performance of SVM-TS was better than of the WHNCS physical model. 
